The authors extended their predictive approach to fluids of even greater complexity that contain appreciable concentrations of ligand species, such as carbonates or chlorine. This allowed the chemical cycles of volatiles (including CO 2 ) and feedback relationships between ligand behaviour and metal mobility to be addressed.
D E R K-J A N D I J K & R A P H A Ë L L E W I N S K Y-S O M M E R E R
S ome people enjoy getting as much sleep as possible, whereas others claim to need only a few hours each night. Some people remember their dreams well, others don't. What is the genetic basis for these individual differences? In 'forward' genetic screens, genes are mutated at random and the effects of each mutation on a behaviour or biological trait of interest are assessed. On page 378, Funato et al. 1 report a large forward-genetic screen that identifies two genetic mutations that mediate variations in sleep patterns in mice.
Forward genetics is considered a goldstandard technique for identifying and characterizing previously unknown roles for genes. But one key prerequisite is that the trait of interest can be accurately assessed (phenotyped). More than 20 years ago 2 , the phenotyping of circadian rhythms in mice through long-term recording of restactivity cycles allowed researchers to use forward genetics to identify genes involved in these rhythms. But it has proved difficult to successfully apply forward genetics to the more complex process of mammalian sleep.
Sleep is much more than simply rest. It consists of two states -non-rapid-eye-movement sleep (NREM sleep; also known as deep sleep) and rapid-eye-movement sleep (REM sleep; also known as paradoxical sleep and sometimes referred to as dream sleep). Accurate phenotyping of sleep is challenging because it requires the identification and quantification of each of these sleep states through long-term, large-scale recordings of electrophysiological signals that measure brain waves and muscle activity.
Funato and colleagues rose to this challenge, recording patterns of sleep for two consecutive days in more than 8,000 mice carrying genetic mutations that were randomly induced in one of their parents. One group of mice slept, on average, for about 15 hours a day -more than 3.5 hours longer than the average of all screened mice, and much longer than previously documented for laboratory mice 3 . The authors, aptly, dubbed these mutant mice Sleepy (Fig. 1) .
The researchers showed that NREM sleep is specifically altered in Sleepy mice. The mutants had deeper baseline NREM sleep and reacted to sleep loss with more-intense NREM sleep than control mice. The mice responded to wake-promoting compounds such as caffeine, and Funato et al. found no evidence of behavioural abnormalities, ruling out defects in wake-promoting neural circuits as the cause of increased sleep. There were also no obvious abnormalities in the period of the animals' circadian rhythms. This finding is interesting; alterations in genes that control circadian rhythms have previously been shown 4 to affect sleep, but the current experiment demonstrates that sleep-and circadian-based effects can be separated.
Funato and colleagues found that the mutation in Sleepy mice affects the Sik3 gene, which has not previously been implicated in sleep. A single-nucleotide mutation prevents the inclusion of the 13th protein-coding region (exon) of Sik3 in the SIK3 protein, presumably altering its activity. SIK3 is a protein-kinase enzyme that is expressed throughout the body and brain, and not just in known sleepregulating areas -drawing a parallel with the clock genes that control circadian rhythms, which are expressed not only in the circadian master regulator in the brain, but also throughout the body. A strength of the paper is that the authors confirmed that Sleepy is indeed caused by skipping exon 13 of Sik3. By either intro ducing the same point mutation or using a refined genome-editing technology in mice, they recapitulated the Sleepy phenotype. Furthermore, they demonstrate that mutations in Sik3 also affect sleep-like behaviours in fruit flies and roundworms, suggesting an evolutionarily conserved function for this gene.
From their screen, Funato et al. identified another group of mice, dubbed Dreamless, in which REM sleep time was reduced by an impressive 44% and occurred in shorter bouts than normal. It might be an overstatement to refer to these mice as Dreamless -some REM sleep remained, and humans also dream during NREM sleep 5 (and some might doubt that mice experience dreams in the first place). Nonetheless, Dreamless mice have very little REM sleep compared with control mice 3 . The researchers demonstrated that the mutation in Dreamless mice affects the Nalcn gene, which
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Sleepy and dreamless mutant mice
Sleep in mammals consists of non-rapid-eye-movement and rapid-eyemovement sleep. A large genetic screen reveals that these two sleep states are altered in mice by mutations dubbed Sleepy and Dreamless. See Article p.378
MATERIALS SCIENCE
Semiconductors that stretch and heal
Polymeric semiconductors have been prepared whose molecular properties make them stretchable and healable -a milestone in the development of sophisticated organic electronic surfaces that mimic human skin. See Letter p.411
S I E G F R I E D B A U E R & M A R T I N K A LT E N B R U N N E R
L iving organisms are made largely from soft substances that have the ability to stretch, and to heal when damaged. By contrast, everyday electronic appliances are made mostly of hard, brittle materials incapable of self-repair. Scientists desire to narrow this gap between the animate and digital worlds; this will require new approaches in materials science. On page 411, Oh et al. 1 report their use of non-covalent-bonding mechanisms to make high-performance organic semiconductors that are intrinsically stretchable and healable. This allowed the authors to fabricate transistors -elementary electronic components used in amplifiers and logic circuits -entirely from stretchable materials in thin films, potentially opening the way to new generations of wearable electronic devices. 1 performed a 'forward' genetic screen to search for mutations in genes that modulate sleep behaviours in mice. In forward genetics, subtle mutations (red) are randomly introduced into the DNA of mice, the mutant mice are crossed with wild-type partners, and the offspring produced are analysed for changes in a behaviour of interest. In this case, the authors analysed sleep in more than 8,000 offspring by taking electrophysiological measurements of brain waves and muscle activity, and identified two groups of mice, dubbed Sleepy and Dreamless, that showed increased non-rapid-eye-movement (NREM) sleep and decreased rapideye-movement (REM) sleep, respectively. Subsequent genome sequencing revealed that the mutation in Sleepy mice affects a gene called Sik3; the mutation in Dreamless mice affects the gene Nalcn. 
Sik3
Nalcn codes for an ion-channel protein and has previously been implicated in circadian control of neuronal excitability in fruit flies 6 . In contrast to Sleepy, Dreamless mice have an altered circadian phenotype -the difference in activity levels between periods of rest and activity is reduced when these mice are subjected to constant darkness. This is of interest because REM sleep, but not NREM sleep, is under strong circadian control 7 . Finally, electrophysiologically assessed brain waves were altered in both mutants compared with controls, during REM and NREM sleep and during wakefulness. This finding, which implies that the mutations affect all vigilance states, could have been obtained only by the comprehensive phenotyping conducted.
What are the implications of this study? Sleep has multiple functions for the brain and the body, including regulation of learning, memory and metabolism 8 . Funato and colleagues' identification of these new mutants opens up avenues for identifying the mechanisms by which sleep exerts these functions. For instance, whether the Sleepy and Dreamless mutations cause alterations in these traits can be addressed immediately.
The study might also have clinical implications. One obvious question is whether mutations in SIK3 in people are implicated in a condition called idiopathic hypersomnia, in which people experience excessive sleepiness and sleep for long periods 9 . Another is whether mutations in NALCN have a role in increased age-related changes in cognitive decline, which in humans are predicted by reduced REM sleep 10 . It is notable that Funato et al. identified no mice that did not sleep. This is in contrast to circadian rhythmicity, which can be abolished by a single mutation. Perhaps too many genes are involved in sleep for a forward-genetic screen to produce a sleepless mammal. Or maybe sleepless mice are not viable, meaning that these mutations cannot be identified.
Overall, Funato and colleagues' impressive study pays tribute to the importance and complexity of sleep by combining comprehensive phenotyping with state-of-the-art genetic and molecular tools. This strategy has unveiled new mutations that change the time spent in the two sleep stages that all mammals experience. ■ Derk-Jan Dijk 
